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Effective diet-based interventions targeting youth at risk for developing 
hypertension (HTN) require understanding adolescent meal patterns and their relation to 
HTN.  The purpose of this research was to determine usual meal patterns of African
American adolescents and how these vary by gender and HTN risk status.  Specific aims 
were: develop a method to visually represent meal patterns; describe differnces in meal 
patterns between participants of differing genders and HTN risk categories; and explore 
relationships between meal patterns and systolic blood pressure (SBP), diastolic blood 
pressure (DBP) and body mass index (BMI).  
Fifty-eight African Americans (ages 17-20, 30F) at either high- (n=29) or low-risk 
(n=29) of developing HTN were interviewed about their week-day eating and activities. 
The Diet History Questionnaire (DHQ) was used to estimate intake of select foods and 
nutrients associated with blood pressure (BP). Height, weight, and BP were measured.  A 
daily timeline for each participant was constructed capturing typical food choices, eating 
times and locations, and activities.  These Meal Pattern Timelines (MPT) were used to 
compare proportions of healthful, moderately healthful, unhealthful, and skipped meals, 
snacks, and beverages across groups.  Meal patterns were identified and each participant 
categorized as either reporting a meal pattern or not.   Meal patterns related to DHQ 
measures (p<0.05) were selected for principal components/factor analysis. Step-wise 
regression models related the final factor solution to SBP, DBP, and BMI. 
      Overall, low-risk participants consumed fewer unhealthful dinners, snacks, and 
beverages than high-risk groups.  Twenty meal patterns identified from the MPTs 
provided a six-factor solution (Healthy Dinner, Healthy Lunch, Unhealthy Snacks, 
Skipped Breakfast, Unhealthy Beverages, Healthy Snacks).  SBP increased with higher 
factor scores for Unhealthy Snacks and Unhealthy Beverages and lower scores for 
Healthy Lunch and Skipped Breakfast (p=0.03,R2=0.18).  BMI increased with lower 
scores for Healthy Dinner and Skipped Breakfast (p=0.05,R2=0.10).  Unhealthy 
Beverages and Unhealthy Snacks trended toward a positive association with DBP 
(p=0.07,R2=0.09).   
      The MPT technique was able to identify and distinguish the meal patterns of different 
groups of African American adolescents. This novel approach can be further developed 
for nutrition assessment and counseling as well as for future dietary intervention with 
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 Nearly one in every three adults in the United States is afflicted with hypertension 
(HTN), a condition that contributes to cardiovascular disease, kidney failure, ocular
damage, and is a known risk factor for the most common cause of death in this country:  
heart disease.1-5 The monetary burden of these ailments is extraordinary and that of HTN 
alone totals more than $60 billion yearly.6,7 Alarmingly, the prevalence of HTN has 
steadily increased since the 1980s8,9 and has been documented in youth populations as 
high as 8%.10-15 
 HTN disproportionately affects African Americans.1,16,17 Compared to whites, 
African Americans develop HTN more frequently, and often with greater severity and 
more serious complications.1,16,17 These trends are evident as early as adolescence and 
track into adulthood.10,18    
 Of the modifiable risk factors that have been identified for HTN, diet has been 
one of the most extensively studied among adults.  The Dietary Approaches to Stop 
Hypertension (DASH) clinical trial showed that a diet rich in fruits and vegetables and 
low-fat dairy and with reduced total and saturated fat can significantly lower blood 
pressure in normotensive, prehypertensive, and stage I hypertensive adults.19 F r her 
analysis revealed that this approach was particularly effective for African Americans.20 
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Very few studies have examined the relationship between dietary intake and HTN 
in youth populations.  Those that have support the hypothesis that diet is an important 
modifiable risk factor for HTN for youth, just as it is for adults.21-23 While there is a clear 
need for diet-based HTN prevention programs targeted at youth, none currently exist.  
Before such interventions can be developed, an in-depth understanding of adolescent 
meal patterns and their relation to HTN is needed.   
 This project provided an understanding of the usual meal patterns of adolescent 
African American males and females of varying HTN risk.  Aims included developing a 
systematic method to capture a visual representation of the usual meal patterns of 
participants, describing the differences in meal patterns between those of diff ring 
genders and HTN risk categories, and identifying meal patterns that are related to clinical 
outcome measures. 
Explanation of the Problem 
 HTN, commonly known as high blood pressure, is characterized by persistently 
elevated arterial blood pressure, the force exerted by the blood on the inner walls of the 
arteries.24 For adults, HTN is defined as systolic blood pressure (SBP) equal to 140 
mmHg or above or diastolic blood pressure (DBP) equal to 90 mmHg or above,1 where 
SBP is the maximum pressure attained during ventricular contraction of the heart and 
DBP is the minimum pressure experienced during ventricular diastole.24 For children and 
adolescents, HTN is defined as SBP or DBP greater than or equal to the 95th percentile 
for gender, age, and height.25   
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 In the United States, the prevalence of HTN has steadily increased sinc the 
1980s.8,9 Today nearly one of every three persons above the age of 20 is afflicted with 
HTN, equating to roughly 72 million Americans; only 35% have their HTN under 
control.1 The prevalence among youth has been reported between 0.76% and 8.1%,10-15 
and may be underdiagnosed.15   
 African Americans develop HTN more frequently than whites and tend to do so 
earlier in life.1,16,17 Severity is often greater and complications are likely to be more 
serious; the death rate from HTN for African Americans is more than twicehat of 
whites.1,16,17 Additionally, the percentage of African Americans who have their HTN 
under control is lower compared to whites.1,16 These trends may emerge as early as 
adolescence.10 McNiece et al. found African American race to be an independent 
predictor of prehypertension among 11-17 year olds in Houston public schools.10 In 
addition, the Bogalusa Heart Study reported a significantly greater prevalence of HTN 
among African American adolescents compared to white counterparts.18 
 Preventing HTN is important because heart disease is the most common cause of 
death in the United States3 and HTN is a known risk factor for cardiovascular diseases 
(CVD) including atherosclerosis, coronary artery disease, coronary heart disease, heart 
failure, heart attack, and stroke.2,4,5 The monetary burden of CVD on the United States is 
enormous.  Direct costs of hospitalizations, nursing homes, and medical care combined 
with indirect costs of lost productivity due to morbidity and mortality totaled greate  than 
$400 billion in 2006, $63.3 billion of which was derived from hypertensive disease 
alone.6,7 Furthermore, uncontrolled HTN can also lead to kidney failure and damage to 
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retinal vasculature.2,4,5 Although the consequences of HTN are seen less frequently in 
youth, left ventricular hypertrophy has been documented in 55% of hypertensive childrn 
examined in a study by Daniels et al.26 Research indicates that elevated BP in childhood 
and adolescence appears to track into adulthood and correlates with increased risk of 
CVD,27,28 suggesting that in order to reduce the prevalence and burden of adult HTN and 
CVD, prevention strategies targeted at youth are needed.   
 A number of risk factors have been identified which may contribute to the onset 
of HTN.  Uncontrollable risk factors include African American race, male sex, and 
advancing age.29 Controllable risk factors include overweight and obesity, sedentary 
lifestyle, stress, excess alcohol consumption, and a diet lacking fruits and vegetabl s and 
high in calories, fat, and sodium.29 Because HTN is a lifelong disease which can be 
controlled but not cured, the best approach to primary and secondary prevention of HTN 
is through modification of these risk factors.5,30,31 
 Dietary modification has been one of the most studied approaches to reducing 
HTN among adults.  The most successful dietary HTN intervention to date is the 
landmark DASH clinical trial conducted by Appel et al., which began in 1994.19 Four 
hundred fifty-nine adults (22 years of age or older) with SBP below 160 mmHg and DBP 
between 80-95 mmHg who were not taking antihypertensive medication completed thre 
phases of the trial.  The initial phase consisted of three separate BP screenings to ensure 
that participants met inclusion criteria.  The second phase lasted for three weeks during 
which all participants consumed the control diet (low in fruits, vegetables, and dairy, and 
fat content representative of the typical American diet).  At the end of phase two, BP was 
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measured again and participants were randomly assigned to one of three diets for th  
third, intervention phase of the trial that lasted eight weeks, during which BP was 
measured weekly.  Those in the control group maintained the control diet.  The fruits and 
vegetables diet provided 8-10 servings of fruits and vegetables daily as well ashigher 
levels of potassium, magnesium, and fiber than the control diet.  The combination diet 
provided that which the fruits and vegetables diet did as well as three servings of low-fat 
dairy, higher calcium, and reduced total fat, saturated fat, and cholesterol.  The sodium 
content of all three diets was comparable at roughly 3,000 mg/d.  Although both the fruits 
and vegetable diet and the combination diet resulted in significantly decreased SBP and 
DBP compared to the control diet, the reductions seen in those on the combination diet 
were significantly greater than those on the fruits and vegetables diet.  These reductions 
were achieved after two weeks and sustained through the entirety of the study.   
 In 1999, Svetkey et al. reexamined the data from the DASH randomized clinical 
trial in a subgroup analysis by race, hypertensive status, sex, weight status, age, 
educational level, physical activity level, family income, and alcohol intake.20 The 
authors concluded that the combination diet lowered BP in all subgroups examined and 
was particularly effective for African Americans. 
 More recently in 2001, Sacks et al. conducted a three and a half month 
randomized trial of crossover design to examine the effects of three levels of sodium 
restriction in a control diet verses the DASH diet.32 In both diet groups, the low sodium 
intake level lowered BP to a significantly greater degree than the medium sodium intake 
level, which lowered BP to a significantly greater degree than the high sodium intake 
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level.  However, at each sodium level, greater reductions in BP were seen in those 
participants on the DASH diet compared to those eating the control diet.  
 These results clearly demonstrate that a diet rich in fruits, vegetables, nd low-fat 
dairy and with reduced saturated and total fat can significantly lower BP in normotensive, 
prehypertensive, and stage I hypertensive adults, regardless of sodium intake.19 However, 
restricting sodium intake in combination with the DASH diet may result in further BP 
decreases.32  Finally, African Americans may stand to benefit the most from making such 
dietary changes.20   
 Dietary modification among youth aimed at preventing or reducing HTN has not 
been as extensively researched.  Only three studies to date have explored the relationship 
between diet and BP in youth.21-23 In 2005, Moore et al. reviewed eight years of follow-
up data from 95 children (3-6 years of age at enrollment) in the prospective Framingh  
Children’s Study which began in 1986.21 Participants underwent yearly BP measurements 
and dietary assessments (via 3-day food records) and were classified according to 
servings of fruits and vegetables and dairy consumed per day into one of four groups:  1) 
low fruit and vegetable (< 4 svgs/d) plus low dairy (<2 svgs/d), 2) low fruit and vegetable 
plus high dairy (≥2 svgs/d), 3) high fruit and vegetable (≥4 svgs/d) plus low dairy, or 4) 
high fruit and vegetable plus high dairy.  At enrollment there were no significant 
differences in SBP or DBP between the groups.  However, significant differences in 
yearly BP changes were apparent.  Children in groups 2 and 3 displayed smaller year y 
increases in SBP than those in group 1.  Children in group 4 exhibited smaller increments 
in SBP and DBP than all other groups.  By early adolescence, average SBP of those in 
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groups 2 and 3 was 4 mmHg lower than those in group 1.  Average SBP of those in group 
4 (106 mmHg) was nearly 7.5 mmHg lower than that of those in group 1 (113 mmHg).  
Although the results for DBP did not reach significance, trends were similar to those
found for SBP.    This is the first study documenting a possible beneficial effect of the 
consumption of fruits, vegetables, and dairy on BP in a youth population, and is 
consistent with findings in adults from the DASH trial.   
 In 2000, Falkner et al. examined the nutrient intake of 14-16 year-old adolescents 
at high risk for HTN (BP at or greater than the 90th percentile on two occasions).22 
Participants (79% African American) completed 24-hour dietary recalls and were then 
classified based on high or low folic acid intake, a proxy for fruit and vegetable intake.  
Average DBP was significantly higher in the low folate group (74 mmHg) as compared 
to the high folate group (70 mmHg).  In addition, those in the low folate group had 
significantly greater daily energy and sodium intakes and lower daily intakes of 
potassium, calcium, and magnesium.  This study provides evidence that dietary patterns 
may contribute to BP levels among adolescents at high risk for HTN.   
  Finally, in 2004, D’Addesa et al. compared the dietary intake of hypertensive and 
normotensive Italian adolescents (n=286).23 Diet was assessed via 24-hour dietary recalls 
and food records.  Participants were considered hypertensive if BP was at or above the 
90th percentile for age and gender.  The mean daily intake of energy, macronutrients, and 
cholesterol was greater among the hypertensive teens, although not statistically 
significant.  No significant differences were found in micronutrient intake between the 
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two groups.  Data trended towards a greater consumption of meat, ham, salami, cheese, 
and fish among the hypertensive adolescents as compared to normotensive counterparts.   
 All three studies that have investigated the relationship between diet and HTN in 
youth appear to support the hypothesis that diet is an important modifiable risk factor for 
HTN in this age group, just as it is for adults.  Combined with the ample evidence that 
elevated BP begins at a young age and tracks into adulthood, there is a great need for 
dietary HTN prevention programs targeted at youth.  In order to make these relevant, an 
in-depth understanding of adolescent meal patterns of those at risk is crucial.    
Purpose and Specific Aims 
The purpose of this project was to learn the usual meal patterns of African 
American adolescents and determine how they vary by gender and HTN risk status.
Aim 1:  Develop a systematic method to capture a visual representation of the usual meal 
patterns of participants (Meal Pattern Timelines [MPT]) that may be used to distinguish 
those of differing HTN risk profiles and also as a future tool for dietary change. 
Approach:  Information about daily eating was extracted from in-depth semi-structured 
interviews with participants to construct MPTs. 
Aim 2:  Describe the differences in meal patterns between those of differing genders and 
HTN risk categories based upon MPTs. 
Approach:  Descriptive statistics was used to compare the relative proportion of healthful, 




Aim 3:  Identify the meal patterns derived from MPTs that are related to SBP, DBP, and 
body mass index (BMI), regardless of gender and risk categories. 
Approach:  Meal pattern variables were identified from the MPTs.  Participants were
assigned a “1” if they definitively displayed the meal pattern variable nd a “0” if they 
did not or it was not clear whether they did or not.   One way ANOVA with JMP version 
6 was used to compare the intake of components of the DASH diet of those participants 
who were assigned a “1” with those who were assigned a “0” for each variable.  Meal 
patterns that yielded statistically significant differences (p<0.05) were retained for an 
exploratory principal components/factor analysis (PC/FA).  Factors derive  f om the 
PC/FA were used as independent variables in step-wise models, with SBP, DBP, and 
BMI as the dependent variables. 
This project provided a better understanding of the usual meal patterns of African 
American adolescents and how they vary by gender and HTN risk status.  This project
also identified those meal patterns related to HTN risk and clinical outcome measures in 
this population.  These findings may be used in future diet-based HTN prevention 





REVIEW OF THE LITERATURE 
 
 
The DASH clinical trial provided persuasive evidence that dietary modifications 
are an effective approach to reducing high BP among adults.19 Parallel research has not 
yet been conducted in an adolescent population, though it is likely that teens at risk for 
early onset HTN would achieve similar benefits as adults by adopting the DASH diet. 
This review of literature describes what is known about adolescent eating in relat on to 
the components of the DASH diet and examines associated meal patterns as potential
targets for dietary intervention.     
Fruits and Vegetables 
 The DASH diet contained 8-10 servings of fruits and vegetables daily, whereas 
the control diet contained only 3-4.19 Among adolescents, mean consumption of fruits 
and vegetables has been reported from 2.1 to 3.62 servings per day.33-37 According to the 
most recent results from the Youth Risk Behavior Surveillance System (YRBSS), only 
20.1% of students in grades 9-12 surveyed had eaten fruits and vegetables five or more 
times per day in the seven days preceding the survey.38 Furthermore, adolescent 
consumption of fruits and vegetables has declined between 1999 and 2004;39 Larson et al. 
reported secular decreases of 0.7 and 0.4 servings per day among girls and boys, 
respectively, in two cohorts of high school students in Project EAT.39   
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Neumark-Sztainer et al. assessed fruit and vegetable consumption of 36,284 
adolescents in grades 7-12 in Minnesota via an abbreviated food frequency questionnaire 
(FFQ).40 An alarming 28% of participants reported less than daily consumption of fruit 
and 36% reported less than daily intake of vegetables.40 Males and students of low 
socioeconomic status (SES) reported inadequate daily consumption of fruits and 
vegetables more often than females and students of higher SES.  In addition, African
American students were found to be at greatest risk for inadequate vegetable 
consumption, a finding which has been both replicated36,41 and disputed.33,35,42  
Research indicates that adolescent fruit and vegetable consumption has not only 
decreased over time, but also decreases longitudinally with age.38-40,43 In 2004, Demory-
Luce et al. compared the 24-hour dietary recalls of 246 young adults in the prospective 
Bogalusa Heart Study with previous recalls done at age 10.43 The percentage of 
participants consuming fruits and vegetables was significantly greater in childhood (65% 
and 88.6%) than in young adulthood (30.2% and 81.3%).43 In addition, the 2005 YRBSS 
reported a lower prevalence of adequate fruit and vegetable intake among 11th graders as 
compared to 9th graders.38  Finally, Larson et al. assessed fruit and vegetable consumption 
of 1,205 teens  in Project EAT with the Youth and Adolescent FFQ (YAQ) at early 
(middle school), middle (high school), and late (post high school) adolescence.39 Daily 
intake of fruits and vegetables decreased by 0.75 servings between early and middle 
adolescence and by 0.6 servings between middle and late adolescence.39   
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Adolescent fruit and vegetable consumption has been linked with three meal 
pattern characteristics (frequency of family dinner, involvement in food preparation, nd 
consumption of fast food), which may prove to be useful avenues for dietary intervention.   
Frequency of family dinner has been positively correlated with fruit and vegetable 
consumption in a number of studies.33,44-48 Gilman et al. reported that subjects who ate 
family dinner daily consumed an average of 0.8 more servings of fruits and vegetables 
per day compared to participants who ate family dinner never or some days.47 Videon et 
al. found that compared to those who ate two or fewer family dinners per week, those 
who ate three or more were 19% less likely to report poor vegetable consumption and 
22% less likely to report poor fruit intake.44 These effects increased with frequency of 
family meals.  Lastly, Larson et al. reported that greater frequency of family dinners at 
baseline was associated with greater intake of fruits and vegetables five years later.45   
Unfortunately, many teens do not eat dinner with the family very often, as 
evidenced by results of three major studies that have examined family meal frequency 
among adolescents:  Project EAT, GUTS, and ADD HEALTH.49 Teens in Project EAT 
reported eating, on average, roughly four family meals per week.45,46,50 Results from 
GUTS, ADD HEALTH, and the ongoing North Carolina CHAMP survey are below: 
 
Table 1.  Frequency of Family Dinner Among Adolescents 
 
GUTS47,51 Never or Some Days Most Days Every Day 
 16.5% 40% 43.5% 
ADD HEALTH 49 ≤ 3 per Week 4-5 per Week 6-7 per Week 
 30.5% 21.5% 48% 
CHAMP 52 ≤ 4 per Week 5-6 per Week 7 per Week 





These data indicate that although a significant number of adolescents are regularly 
consuming family dinner, a proportional number are doing so infrequently.   
 African American adolescents appear to eat family meals less often than 
whites.46,48,52 The 2003 CHAMP report indicated that 19.6% of African Americans under 
the age of 17 ate fewer than three family dinners per week compared to 10.7% of white 
counterparts.52 In a study by Neumark-Sztainer et al., a higher percentage of Black teens 
reported never eating a family meal in the past week compared to all other races.53 
   As with fruit and vegetable consumption, frequency of family meals among 
adolescents decreases longitudinally with age.46,47,49,51,52,54-57 Fulkerson et al. found that 
22.3% of 7th-9th graders reported two or fewer family meals per week compared to 39.2% 
of 10th-12th graders.55 Simultaneously, 40% of the younger adolescents reported seven or 
more family meals per week compared to 22.4% of the older adolescents.55 Younger 
adolescents in Project EAT reported eating an average of 5.7 family meals per week 
compared to 3.5 for older adolescents.57 The GUTS study found similar age-related 
trends; the percentage of 14 year olds who ate family dinner never or sometimes was 
twice that of nine year olds (24% vs. 12%).49  
Another meal pattern characteristic that has been positively linked with adolescent 
fruit and vegetable consumption is involvement in food preparation.  Although mothers 
are most frequently reported as the preparers of food within the home, two recent, larg , 
cross-sectional studies investigated adolescents’ involvement.58-60 In both cases, 
participants were drawn from Project EAT and food preparation habits and dietary intake 
were self-reported via a survey and the YAQ, respectively.  The first studywas done in 
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31 middle and high schools in Minnesota during the 1998/99 school year,60 and the 
second, five years later by mail when participants were aged 18-23 years.59 The majority 
of adolescents in the initial study (68.6%) reported involvement in food preparation for 
the dinner meal at least once during the week prior to the survey, although frequency was 
typically limited to one or two times per week.60 The follow-up study found that most 
young adults did not prepare food or engage in food preparation activities such as buying 
fresh vegetables, writing grocery lists, or preparing green salad on even aweekly basis.59   
In both studies, frequency of food preparation was positively associated with fruit 
and vegetable consumption.59,60 Teens reporting involvement in food preparation seven 
times per week ate one-half more servings of vegetables and one-half more servings of 
fruit per day than those reporting no involvement.60 In the follow-up study, 31% of young 
adults reporting high food preparation frequency consumed five servings of fruit and 
vegetables daily compared to 3% of those reporting low food preparation frequency.59   
Both studies uncovered a striking difference between genders.59,60 Female 
participants were more likely to be involved in food preparation than males and reported 
higher perceived adequacy of cooking skills.  Males were more likely to report the use of 
frozen dinners and packaged convenience foods and reported lower perceived adequacy 
of cooking skills.59,60 Molaison et al. reported the same results.61 Additionally, African 
Americans in the Project EAT follow up study were less likely to be involved in food 
preparation and reported lower perceived adequacy of cooking skills than whites.59 
Fast food consumption is the third meal pattern characteristic linked to adolescent 
fruit and vegetable consumption; a number of studies have uncovered a negative 
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association.34,42,62-64 French et al. surveyed 4,746 adolescent students enrolled in Project 
EAT about fast food restaurant use and collected dietary information via the YAQ.63 
Males who ate fast food three or more times within the week prior to the study reported 
27% less fruit consumption and 32% less vegetable consumption than males who never 
ate fast food in this time frame.63 Similar results were found for females.63 A study by 
Bowman et al., which incorporated a within-subject design, found that adolescents 
consumed fewer non-citrus fruits and non-starchy vegetables on days when fast food was 
consumed compared to days on which it was not.62 
Unfortunately, the number of fast food restaurants in the United States has 
doubled between 1972 and 1995 and accordingly, youth’s consumption of fast food has 
risen from 2% of total energy intake to 10% of total energy intake.62 The average 
adolescent eats at a fast food establishment two times per week63 and on any given day 
30% of youth consume fast food.62 In one study, 75% of middle and high school students 
reported eating fast food at least once within the week prior to the study.63   
Across the literature, fast food consumption increases with age; high school 
students consume fast food more frequently than middle school students, who do so more 
frequently than elementary school students.62,63,65 Greater frequency of fast food intake is 
also associated with male gender62,63,66 and non-white race, specifically African 
American.62,63,65 Schmidt et al. found that throughout adolescence, Black girls consumed 
fast food more often than white counterparts.65 Interestingly, increased consumption of 
fast food has also been associated with residency in the South.62   
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Evidently, American adolescents are not coming close to meeting the DASH 
recommendations for fruit and vegetable consumption.  Family meals and involvement in 
food preparation appear to be two meal pattern characteristics that are positively 
associated with fruit and vegetable consumption among youth.  Conversely, fast food 
consumption has been reported as negatively related.  Males, African Americans, and 
older adolescents may be at greatest risk for inadequate intake of fruits and vegetables as 
they may be less likely than females, whites, and younger adolescents to eat dinn r with 
family and to prepare food, and at the same time more likely to eat fast food.  
Dairy and Calcium 
 The DASH diet provided participants with three servings of low-fat dairy and 
1,240 mg of calcium per day, compared to 0.5 servings of dairy and 450 mg of calcium in 
the control diet.19 Because calcium is so crucial for accrual of peak bone mass during 
adolescence, it is recommended that adolescents consume four servings per day of milk 
or  milk products in order to reach the adequate intake (AI) recommendation for calcium 
of 1,300 mg/d.67 However, numerous studies have shown that most adolescents are not 
meeting these guidelines.68-74 Recent research suggests that most adolescents are only 
consuming between one and two servings of milk per day69,71,74 and between two and 
three servings of total dairy.69 Average calcium intake has been reported as 700-1,217 
mg/d for males and 500-1,035 mg/d for females.68,69,73 Data from NHANES indicates that 
mean adolescent calcium intake falls around 66% of the AI and that only 14% of 
adolescents meet the guideline.70 Furthermore, secular data show that milk consumption 
has declined among adolescents between the late 1970’s and the mid 1990’s.75   
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 Virtually all studies suggest that adolescent females consume less milk, dairy, and 
calcium, and are less likely to meet related guidelines than adolescent males.68-71,75-77  
 
Table 2.  Project EAT:  Average Daily Consumption by Gender69 
 
 Servings of Milk Servings of Dairy Calcium (mg) 
Males 2.0 2.9 1,217 
Females 1.5 2.4 1,035 
 
According to the 1998 Continuing Survey of Food Intakes by Individuals (CSFII), 14-18 
year old males attained 89% of the AI for calcium, whereas their female counterparts 
only attained 54%.76 Similarly, a telephone survey of youth ages 3-17 in Mississippi 
found that boys were 1.7 times more likely than girls to meet the AI for calcium.70 
Johnson et al. reported that girls 5-17 years of age were more than twice as likely than 
boys of the same ages to drink no milk at all.77   
 It is also generally accepted that African Americans consume less milk, dairy, and  
calcium, and are less likely to meet related guidelines than Caucasian adolescents.   
 
Table 3.  Project EAT:  Average Daily Consumption by Race69 
 
 Servings of Milk Servings of Dairy Calcium (mg) 
Caucasians 2.1 3.1 1,231 
African Americans 1.45 2.45 1,137 
 
The 1994-96 and 1998 CSFII indicated that 95% of white adolescent males aged 14-18 
years attained 95% of the AI for calcium, as compared to 74% of African American 
counterparts.68 Only 58% of white and 45% of African American adolescent females met 
the AI.  Additionally, the Mississippi telephone survey found that white youths were to 
times more likely than African American youths to meet the calcium AI.70 Johnson et al. 
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reported that African American youth ages 5-17 years were more likely than white 
counterparts to drink  no milk at all.77  
 Most research indicates that as youth get older they consume fewer milk and dairy 
products and are less likely to consume the recommended amount of calcium for their 
life-stage.43,68-71,77-79 According to the 1996 CSFII, the proportion of milk drinkers less 
than 11 years of age was significantly higher than in the 12-17 year old age group.71 In a 
prospective study of 151 girls in Pennsylvania, 90.7% of girls at age five consumed milk 
compared to only 78.1% of girls at age 11.79 Significantly, this translated into a reduction 
from 98% of girls meeting the calcium AI at age 5 to only 27% at age 11.79 Furthermore, 
the Mississippi telephone study found that with each one year increase in age, the odds of 
meeting the AI for calcium decreased by a factor of 0.72.70 Other studies have found that 
residents of the South are less likely to consume milk, dairy, and adequate calcium.70,77   
 Adolescent dairy and calcium consumption has been linked with three meal 
pattern characteristics (intake of sweetened beverages, breakfast skipping, and fast food 
consumption) which may prove to be useful avenues for dietary intervention.    
The negative association between sweetened beverages and milk consumption has 
been well documented.72,80-82 Johnson et al. found that among adolescents ages 12-17, 
total milk consumption was significantly negatively associated with both sof  drink and 
fruit drink consumption.80 Dietary recalls of 13-18 year olds in the CSFII were analyzed 
by Harnack et al.82 Those participants consuming 26 oz/d of soda or more were four 
times more likely to consume less than 8 oz/d of milk than nonconsumers of soda.82   
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Secular increases in sweetened beverage consumption have also been well 
documented.  The prevalence of soft drink consumption among youth ages 6-17 
increased from 37% in 1978 to 56% in 1998.83 Within the same time frame, mean intake 
of soft drink has more than doubled from 5 oz/d to 12 oz/d and percent energy intake 
derived from soda has doubled from 2.9% to 5.9%.83 Intake of other sweetened beverages 
(i.e. fruit drinks and sweet tea) has also increased.75 It is estimated that 83-94% of teens 
regularly consume soft drinks.82,84 The 1994 CSFII found that 32.3% of adolescents 
consumed less than 13 oz/d of soda, 28.1% consumed 13-25.9 oz/d, and 22.2% consumed 
26 oz/d or more.82 Although the amount of soda consumed per day appears to vary 
among adolescents, average daily consumption has been reported as 12-24 oz/d.68,71,74,84   
Males, Caucasians, and older adolescents are more likely to consume sodas than 
females, African Americans, and younger adolescents.68,74,78,82,83 The 1999 CSFII 
indicated that adolescent males were more likely than females to consume 12 oz/d or 
more.82 Both data from the 1998 CSFII and 1999-2002 NHANES surveys reported that 
whites consume significantly more sodas than other races,68,78,82 and that consumption 
increases with age.43,74,82 However, African American adolescents consume significantly 
more fruit drinks/ades than other races across all age groups.68,74,78 African American 
adolescent males consume 2.5 times as many of these beverages as white counterparts; 
African American adolescent females consume twice as many.78 Among teens, research 
indicates that consumption of diet drinks, coffee, and tea is low.78,84   
Another meal pattern characteristic negatively linked with adolescent dairy and 
calcium intake is breakfast skipping.  It is generally accepted that adolescents who 
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consume breakfast have superior nutrient intakes compared to peers who skip 
breakfast.85-90 The Bogalusa Heart study reported that young adults who skipped 
breakfast were less likely to attain 2/3 of the recommended daily allowance for many 
vitamins and minerals, including vitamin D and calcium.85 Significantly higher intakes of 
these micronutrients were noted among breakfast eaters.85 Two recent studies have 
examined the impact of ready-to-eat breakfast cereals on nutrient intake.86,90 Adolescents 
who consumed ready-to-eat cereal most frequently had higher intakes of all nutrients 
examined, including calcium.  As 95% of ready-to-eat cereal consumers do so with milk, 
it may be that consumption of these cereals increases dairy and calcium intake.86  
It has been reported that 6.5-12% of children and 20-37% of adolescents skip 
breakfast on any given day.44,85-87 The majority of the literature suggests that females and 
African Americans are the most likely subgroups to skip breakfast.86-89 In 2005, Affenito 
et al. examined data from the National Heart, Lung, and Blood Institute (NHLBI) Growth 
and Health Study, a 9-year, longitudinal, biracial cohort study with annual 3-dayfood 
records.89 Participants (n=2,379) were all female, ages 9-10 at baseline.  White girls 
reported more frequent breakfast consumption than African American counterparts, a 
discrepancy that increased with age; whereas 18% of 18-19 year old white females 
reported skipping breakfast on all three days of the food record, roughly 25% of their 
African American counterparts reported doing so.   
The third meal pattern characteristic negatively associated with dairy and calcium 
intake is fast food consumption.62-64 Bowman et al. analyzed two days of 24-hour dietary 
recall data from 6,212 participants aged 4-19 years in the 1996 CSFII and the 1998 
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Supplemental Children’s Survey.62 Those participants who did not consume fast food on 
either day of the study consumed significantly more milk than those who consumed fast 
food on one or both days (302 g/d vs. 236 g/d).  A within-subject analysis of a subset of 
2,080 participants who ate fast food on one of the two study days was also carried out.  
Significantly more milk was consumed on the day when fast food was not eaten (294 g/d 
vs. 250 g/d).62 In 2001, French et al. reported that of 4,710 adolescents enrolled in Project 
EAT, those who reported consuming fast food three or more times in the week prior to 
the survey consumed significantly less calcium and 20% less milk than those participants 
who reported never consuming fast food in the week prior to the survey.63   
Apparently, American adolescents are falling short of both the life-stage and 
DASH recommendations for dairy and calcium.  Sweetened beverage consumption, 
breakfast skipping, and fast food intake are three meal pattern characteristics that have 
been negatively associated with consumption of dairy and calcium among adolescents.  
African American and older adolescents may be at greatest risk for inadequate intake of 
dairy and calcium as they may be more likely than Caucasians and younger adolescents 
to consume sweetened beverages, skip breakfast, and to eat fast food.  Both genders are at 
risk of inadequate dairy and calcium intake; adolescent females tend to consume fewer 
milk products than males and are more likely to skip breakfast, while males are more 
likely than females to consume soft drinks and to eat fast food.   
Sodium 
 Although the DASH diet provided participants with roughly 3,000 mg/d of 
sodium, the follow up study by Sacks et al. found that even greater reductions in BP were 
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seen when the DASH diet was combined with sodium restriction.19,32 The current AI for 
adolescent sodium intake is 1,500 mg/d and the tolerable upper intake level is 2,300 
mg/d.67 However, a number of studies have indicated that adolescents’ actual intakes are 
well beyond these ideals, between 2,869 and 8,800 mg/d on average.75,91-94 According to 
the 1999-2000 NHANES, mean daily sodium intake for 12-19 year-old males and 
females was 4,137 mg and 3,041 mg, respectively.75 This is an increase from the mid 
1970s when NHANES data reported average daily intake as 3,071 mg for males and 
1,953 mg for females.75 It is currently estimated that only 29% of adolescent females and 
4% of adolescent males meet the recommended intake levels for sodium.72 Few studies 
have addressed teen sodium intake by gender and race.  Thus, although NHANES data 
suggests that males may consume more sodium than females, these trends are uncert in.  
Increased sodium intake has been correlated with increasing age among youth.91,65 
He et. al analyzed data from 1,658 children and adolescents involved in the National Diet 
and Nutrition Survey for Young People in Great Britain.91 Seven day food records were 
used to assess sodium intake; the average sodium consumption at age four was 4,700 
mg/d while that at age 18 was 6,800 mg/d.91 In this same study, He et al. showed that 
sodium intake in youth was significantly and positively associated with SBP.  For each 
increase of 1g/d of sodium, SBP increased by 0.4 mmHg.91 Lastly, He et al. conducted a 
meta-analysis of 10 studies that examined sodium restriction and BP in children and 
adolescents.92 They found that as in adults, a modest reduction in salt intake (average of 
42%) resulted in significant decreases in SBP (average of 1.17 mmHg).92   
23 
 
As two major sources of salt in the adolescent diet are processed foods and fast
food,75 snacking and fast food consumption are two meal pattern characteristics that may 
be related to sodium intake.  Interestingly, the meal pattern characteristi of weetened 
beverage consumption may be related to sodium intake as well.93   
 Numerous studies have reported that salty snack foods such as potato chips, 
pretzels, and popcorn are among the top snack food choices for adolescents95-98 a d that 
consumption of such items has become increasingly common in this population.95,97,99 
Zizza et al. analyzed data from nationally representative surveys from 1977 to 1996 of 
8,493 young adults.95 In this time period, the energy contribution of salty snacks doubled 
from 5.9% to 11.5%.95 Stockman et al. conducted 3-day food records with 180 adolescent 
males and found that snacks alone provided 685 mg/d of sodium, or 46% of the AI.100   
 In general, it is estimated that 77-93.2% of adolescents consume at least one 
snack per day.95-97,100-103 As many as 65.4% are consuming two or more snacks per day, 
with up to 28.7% snacking a minimum of four times per day.96,101 It has been reported 
that the average adolescent consumes between 1.63 and 2.3 snacks per day,95,100,102,104 
contributing up to 25% of total daily energy intake.95,96,100,102,104-106 Furthermore, 
snacking is becoming increasingly common.  Comparison of three nationally 
representative surveys conducted between 1977 and 1996 revealed increases in the 
prevalence of adolescents who snack at least once daily, average number of daily 
snacking occasions, and average caloric value of each snacking occasion.95,97,102   
 Studies making demographic comparisons of adolescent snacking habits are 
limited.  Cross et al. and Zizza et al. found no significant differences in snacking behavior 
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by gender.95,96 Only two studies have addressed associations between snacking and race; 
one reported a greater intake of snacks among Blacks in comparison to whites,107 and the 
other reported the converse.102   
 A second meal pattern characteristic that has been associated with sodiumintake 
is fast food consumption.  Paeratakul et al. examined dietary intake data of 8,307 children 
and adolescents who participated in the 1994/96 and 1998 CSFII.64 They reported that 
participants who ate fast food on one or both survey days consumed on average 101 mg/d 
of sodium more than those who did not eat fast food on either day of the survey, a 
statistically significant difference.64 Schmidt et al. collected dietary intake data via 3-day 
food records of 2,379 Black and white adolescent girls in the NHLBI Growth and Health 
Study and found a significant dose-dependent effect of fast food consumption on sodium 
intake.65 The mean sodium intake of those who ate fast food less than once per week was 
3,085 mg/d, for those who ate fast food one to three times per week was 3,134 mg/d, and 
for those who ate fast food four or more times per week was 3,236 mg/d.65   
 Finally, He et al. analyzed cross-sectional data from the National Diet and 
Nutrition Survey for young people in Great Britain and found a highly significant 
relationship between sodium intake and sweetened beverage consumption.93 Multiple 
regression analysis revealed that for each 1 g/d increase in salt intake, consumption of 
soft drink increased by 27 g/d.  Extrapolating this finding, the researches hypothesized 
that if salt intake was reduced by half among children 4-18 years of age in the U.K 
(average decrease of 3 g/d), the average consumption of soft drinks would decline by 81 
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g/d, or 2.3 soft drinks per week.93 This is the first study to find a positive relationship 
between sodium and the meal pattern characteristic of sweetened beverage consumption.   
 It is obvious that American adolescents are exceeding age-related guidelines for 
sodium consumption, the tolerable upper limit for sodium, as well as the levels of sodium 
restriction previously shown to help decrease BP.  Snacking, fast food consumption, and 
sweetened beverage consumption are meal pattern characteristics that have been 
positively associated with sodium intake and may thus be effective targets for dietary 
change.  Males and African Americans may be at greater risk than females and whites 
due to greater consumption of sodium, fast foods, and maybe salty snacks.   
Dietary Fat and Other Key Nutrients 
 The DASH diet included reductions in total fat, saturated fat, and cholesterol as 
compared to the control diet, which was meant to represent a typical American diet.19 The 
DASH diet also provided greater levels of potassium, magnesium, and fiber.19 However, 
as shown below, adolescents are not meeting DASH  recommendations. 
 
Table 4.  Dietary Fat and Other Key DASH Diet Nutrients 
 
 DASH Diet19 Control Diet19          Average108-111 
Adolescent 
Consumption 
Total Fat (% kcal) 27 37 32.0 
Saturated Fat (% kcal) 6 16 11.3 
Cholesterol (mg) 150 300 250 
Potassium (mg) 4,700 1,700 2,474 
Magnesium (mg) 500 165 250 
Fiber (g) 31 9 12.48-14.4 
 
 
 As with other components of the DASH diet, consumption of these nutrients has 
been linked to meal pattern characteristics.  The positive association between dietary fat 
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and fast food consumption has been widely documented.62-66,112 Snacking has also been 
linked with increased fat intake among adolescents.95,97,99 Frequency of family dinner has 
been negatively correlated with both total and saturated fat intake45-47,49 and positively 
related to intake of potassium, magnesium, and fiber.44-47,49 Adolescent fiber intake has 
also been positively associated with greater involvement in food preparation60 nd 
negatively associated with breakfast skipping89 and fast food consumption.62-64,112 
Finally, the literature suggests that compared to Caucasian adolescents, African American 
adolescents may be at greater risk for overconsumption of dietary fat and cholesterol42,113 
and at greater risk for underconsumption of micronutrients.114  
Summary 
  Adolescent intake of those foods and nutrients key to the DASH diet (fruits, 
vegetables, low-fat dairy, calcium, sodium, total fat, saturated fat, cholester , potassium, 
magnesium, and fiber) is far from those levels shown to clinically reduce BP.  
Furthermore, research suggests that intake of these foods and nutrients appears to be 
largely dictated by meal patterns.  Manipulation of meal patterns may thus be an eff ctive 
strategy for facilitating dietary change among adolescents, as opposed to focusing strictly 
on dietary intake.  An in-depth understanding of those meal patterns related to HTN risk 
is needed before HTN-prevention interventions aimed at youth may be carried out.   
 Finally, research suggests that compared to Caucasians, African American 
adolescents may be more likely to exhibit meal patterns that put them at higher cl nical 
risk for HTN.  This is consistent with the fact that African Americans are more likely 
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than Caucasians to experience early onset HTN.  As such, dietary HTN intervention 
programs specifically targeted at this high-risk population are needed. 
 This project provided a better understanding of the usual meal patterns of African 
American adolescents and how they vary by gender and HTN risk status.   This project 
also identified those meal patterns related to HTN risk and clinical outcome measures in 
this population.  These findings may be used in future diet-based HTN prevention 









RESEARCH DESIGN AND METHODS 
 
 
Data for this project was part of the database from a larger research study (NIH 
R21 HL077502) that: 1) examined the differences in health beliefs and lifestyle 
characteristics of young African Americans who varied in HTN risk and 2) compared 
adolescents’ responses to those of their mothers.  This project focused solely on 
describing variations in adolescent meal patterns by gender and HTN risk status.   
Subject Selection 
Participants were African American males and females from an urban/su urban 
county in the Southeastern US, ages 17-20, who participated in previous research on 
hemodynamics under stress, during which casual SBP, BMI, and sodium excretion under 
stress (UNAV) were measured.  These earlier clinical measurements were used to 
determine eligibility for the larger study.  The selection criterion for high-r sk participants 
was having had at least two of three HTN risk factors:  BMI > 85th percentile for gender 
and age, elevated casual SBP but not hypertensive (113 mmHg < SBP < 135 mmHg), and 
reduced UNAV  (≤ 0 mEq/hr) from baseline to stress.  The inclusion criteria for low risk 
participants were having had SBP < 108 mmHg, BMI between the 15th and 85th 
percentiles for gender and age, and change in UNAV > 0 mEq/hr from baseline to stress.  
A more detailed description of participant selection may be found in the publication 
29 
 
“Views of HTN among young African Americans who vary in their risk of developing 
HTN” by Savoca et al., currently in press for Ethnicity and Disease.11
One hundred and twenty-four potential participants were identified from the 
hemodynamics research and were sent participation invitation letters.  Forty-seven 
potential participants could not be contacted by phone or mail.  Nineteen others were 
unavailable or not interested.  Fifty-eight participants provided informed consent (a well 
as parental assent for minors) and received HTN education material and a $50 cash 
incentive upon completion.   
The study protocol was approved by the Institutional Review Boards at the 
Medical College of Georgia in June, 2004 and University of North Carolina at 
Greensboro in August, 2005.   
Data Collection 
 The primary method of data collection was in-depth, semi-structured, pilot-tested 
interviews.  The principal investigator (PI) and a trained research assistant (RA) 
conducted all the interviews which lasted approximately 45-75 minutes and were 
audiotaped.  The interview covered the following topics:  beliefs about the causes and 
treatment of HTN; awareness of family members’ HTN treatment and outcomes; eating, 
exercise, smoking, and sleeping habits; sources and impacts of stress; influential factors 
on lifestyle behaviors; views of mother’s lifestyle habits.   
 After the interview, height and weight were measured using a digital scale with a
height rod according to established protocols.  BMI was calculated as weight (kg) divided 
by height (m2).  Blood pressure was measured thrice according to standard protocol using 
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a mercury sphygmomanometer.  Finally, the National Cancer Institute’s (NCI) Diet 
History Questionnaire (DHQ) was administered.116   
Data Analysis 
 Medical transcriptionists transcribed all interviews verbatim.  The qualitative 
software, Atlas.ti, v.5.1.12117 was used to code, retrieve, and organize the rich data set.  
The PI and trained RAs coded all participant statements in the transcripts using a coding 
dictionary developed by the interviewers based upon the interview topics.  All segments 
coded with “weekday eating” were retrieved.  From these segments, a timeline was 
constructed for each participant to capture a visual representation of their usual meal 
patterns within the context of a typical 24-hour week-day.  The timelines included usual 
foods eaten, eating times and locations, frequency of eating occasions, and the general 
nutritional value of foods and drinks consumed.  Sleeping patterns and hours spent at 
work, school, or sports practices were also captured.  Timelines of meal patterns, MPTs,  
were constructed as follows.  
 First, the participant’s general daily activities were shaded on the MPT as 
sleeping (violet), school (light blue), work (peach), or sports practice (light grey).  All 
remaining hours were left white indicating time spent at home, in transit, or other.  Next, 
all meals (solid bars), snacks (striped bars), and drinks (spotted bars) were plottd on the 
timeline in half-hour increments, with the left column of a half-hour increment 
representing food intake; the right column representing fluid intake.  Each food or drink 
item was plotted at one of three frequency levels:  1 = 1-2 times per week (sometimes), 2 
= 3-4 times per week (usually), and 3 = 5 times per week (always).  Skipped meals were 
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assigned the frequency level of 0 = 0 times per week (never).  Finally, the quality 
categories (healthful, moderately healthful, or unhealthful) of foods and beverag s 
consumed were determined by Tara Flint.  Items that were nutrient-dense and low in total 
fat, saturated fat, sodium and sugar were classified as healthful and were colored green.  
Items that were nutrient-sparse, high in calories, fat, sugar, and sodium, as well  highly 
processed, frozen, convenience and fast foods were classified as unhealthful and were 
colored red.  Finally, the items that did not fall into either of these two categories were 
classified as moderate and were colored yellow.  All food and beverage classifi ations 
were reviewed and revised by the PI and other RAs. 
MPTs for each participant became a new data set used to describe the differences 
in meal patterns between those of differing genders and HTN risk categories and to 
identify meal patterns related to SBP, DBP, and BMI, regardless of gender a  risk 
categories. 
Finally, participant responses to the NCI DHQ were entered into Diet*Calc 
Analysis Program software version 1.4.3,118 which was used along with the DHQ 
Nutrient Database119 to assess usual intake of DASH diet components (total kcal, fiber, 
sugar, fat, saturated fat, trans fat, cholesterol, sodium, calcium, vitamin D, magnesium, 
potassium, caffeine, vegetables, fruit, dairy, milk, yogurt, and cheese). 
Qualitative Analysis 
 Aggregate data derived from participant’s MPTs was used to compare the 
proportions of healthful, moderately healthful, unhealthful, and skipped breakfasts, 
lunches, and dinners across genders and risk categories. Proportions were calculated as 
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follows.  Each participant was assigned five dinner opportunities per week, totaling 145 
possible dinners for low-risk participants (29 participants * 5 week-days) and 145 
possible dinners for high-risk participants (29 participants * 5 week-days).  Of the 145 
possible dinners for low-risk participants, the numbers of healthful, moderately healthful, 
unhealthful, and skipped dinners were counted and expressed as a percentage of total 
possible dinners.  For example, if 40 dinners of low-risk participants were unhealthful, 
then 28% of all dinners of low-risk participants were unhealthful (40/145 * 100).  The 
percentages of dinners eaten by high-risk participants that were healthful, moderately 
healthful, unhealthful, and skipped were also calculated using the same procedure.  
Finally, these calculated proportions were compared between low- and high-risk 
participants to ascertain overall differences in meal consumption patterns by risk 
category.  Comparisons were done the same way for breakfast and lunch and for geer 
and subgroup analyses (i.e. males vs. females and low-risk males vs. high-risk males vs. 
low-risk females vs. high-risk females). 
Aggregate data derived from participant’s MPTs was also used to compare the 
average number of snacks and beverages consumed per day as well as the proportions of 
healthful, moderately healthful, and unhealthful snacks and beverages across risk and 
gender groups.  Proportions were calculated as follows.  For each participant, the number 
of snacks eaten per week was counted.  Of the total number of snacks eaten by low-risk 
participants, the numbers of healthful, moderately healthful, and unhealthful snacks eaten 
were counted and expressed as a percentage of total snacks.  For example, if each low-
risk participant ate two snacks per day the total number of snacks was 290 (29 
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participants * [2 snacks per day * 5 days per week]).  If 87 of these snacks were healthful, 
then 30% of all snacks of low-risk participants were healthful (87/290 * 100).  The 
percentages of snacks eaten by high-risk participants that were healthful, moderately 
healthful, and unhealthful were also calculated using the same procedure.  Finally, these 
calculated proportions were compared between low- and high-risk participants to 
determine differences in snacking behavior by risk category.  Comparisons were done the 
same way for beverages and for gender and subgroup analyses. 
As the small sample size precluded statistically significant findings, proportional 
differences greater than 10% were considered qualitatively important.  These results were 
used to describe the archetypal meal patterns of the four risk-gender groups. 
Quantitative Analysis 
 In order to systematically examine the MPTs for relevance to clinical outcome 
measures, a series of variables were identified from the timelines, e.g. “always eats a 
healthy dinner” or “snacks more than twice a day.”  Essentially, every possible meal 
pattern was attempted to be captured as a variable.  Each participant was coded “1” if 
they definitively displayed the meal pattern variable or “0” if they did not or if it was 
indiscernible.  Estimates of intakes of total kcal, fiber, sugar, fat, saturated fat, trans fat, 
cholesterol, sodium, calcium, vitamin D, magnesium, potassium, caffeine, vegetables, 
fruit, dairy, milk, yogurt, and cheese were obtained for each participant from the output 
of the Diet*Calc software.  For all meal pattern variables, the average intake of each 
DASH diet component of participants coded with “1” was compared to that of 
participants coded with “0.”  T-tests were used to identify differences in DASH diet 
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components between these two groups; i.e. those who reported the meal pattern and those 
who did not.  Results were considered significant at p<0.05.   
 Because it was postulated that an interdependence existed between some of the 
meal pattern variables, an exploratory principal components/factor analysis (PC/FA) was 
carried out to determine the underlying dimensions and to achieve data reduction.  The 
meal pattern variables selected for the factor analysis had to meet thre criteria.  First, 
meal pattern variables had to characterize 25% to 75% of the participants to ensure 
adequate variance.  Second, meal pattern variables had to be statistically significantly 
related to at least one of the DASH diet components (p<0.05).  Third, meal pattern 
variables had to explain at least ten percent of the variation (R2 ≥ 0.10) in intake of at 
least one DASH component to which they were statistically significantly related.  Three 
DASH nutrients (g fiber/1000 kcal, g sugar/1000 kcal, and mg Ca/1000 kcal) were 
associated with a far greater number of meal pattern variables than all other nutrients.  
Therefore, three additional meal pattern variables that were statistically significantly 
(p<0.05) related to these nutrients (always skips breakfast, never skips breakfast, and 
drinks two or more unhealthy beverages per day) were also included in the analyses, 
despite failing to meet the third criterion.    
 PC/FA with varimax rotation was used to generate factors from the meal pattern 
variable correlation matrix.  The following four criteria were used to arrive at the final 
number of factors retained:   eigenvalues greater than or equal to 1.0, variable loadings 
(≥0.5) on one and only one factor (i.e. simple solution), communalities ≥ 50%, and 
variance distribution across all factors.   
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 Standardized factor scores were generated for each participant from the final 
factor solution.  These were used in subsequent step-wise regression models with factors 
as the independent variables and SBP, DBP, and BMI as the dependent variables.   Based 
on the results of the stepwise models, reduced models containing only factors related to 
SBP, DBP, and BMI, respectively, were used for analysis.  These models wer  also used 
to assess the variance (R2) in SBP, DBP, and BMI uniquely explained by the meal pattern 
factors.   
All statistical analyses were performed using JMP software (version 6.0.3, 2006, 
















 Fifty-eight participants completed the study.  Twenty-nine participants were high-
risk African American adolescents (14 females) and 29 participants were low-risk 
African American adolescents (16 females).  There were no differences in age between 
the groups (mean = 18.6 years).  Regardless of gender, high-risk participants had higher 
SBP (118.12 vs. 108.23, p<0.001), DBP (72.88 vs. 67.45, p<0.01), and BMI (33.03 vs. 
21.97, p<0.0001),  measured at the time of the interview.  A summary of participant 
characteristics is given in Table 5.  
 


















































































HRM = high-risk males; LRM = low-risk males; HRF = high-risk females; LRF = low-risk females 
 
 
Aim 1:  Meal Pattern Timelines 
The MPTs began with sleep, captured daily events after awakening (i.e. school, 
work, sports), and ended with sleep.  Generally, about half of all participants were in 
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high school and a third were in college.  The remaining 15% were not currently enrolled 
in school.  The only risk-gender group in which the majority of participants were not in 
high school was the high-risk females.  For this group, college and not in school were 
equally the most predominate.  While the majority of low-risk males and high-risk 
females were currently working (53.9% and 57.1%, respectively), fewer low-risk females 
(43.8%) and only three high-risk males (20.0%) worked.  High-risk males were more 
likely than any other risk-gender group to be on a sports team.  Participants averaged 
about seven hours of sleep per night, waking up around 7:15 a.m. and going to bed 
around 12:00 a.m., with no significant differences by risk-gender group.  These MPT 
characteristics are detailed below in Table 6. 
 


















Status (# Participants) 
  High School 
   
   
  College 
   
 
































































































Wake Time  
(hour:min) 
7:25 7:14 7:04 7:11 7:14 7:12 7:13 
Bed Time  
(hour:min) 
12:16 12:23 11:36 12:17 11:56 12:19 12:08 
Hours of Sleep  




















Participants ate a common set of foods and drinks that were classified as 
healthful, moderately healthful, or unhealthful (Table 7).  Broadly, foods that were 
nutrient-dense and low in total fat, saturated fat, sodium, and sugar were classified as 
healthful.  Foods that fell into this category and that were commonly eaten by participants 
included fruit, vegetables, yogurt, whole-grain breads, pasta, cereal, and baked or grilled 
chicken and fish.  On the other hand, foods that were high in calories, fat, sugar, and 
sodium, as well as highly processed, frozen, convenience and fast foods were classifi d 
as unhealthful.  Commonly eaten foods from this category included pizza, hamburgers, 
French fries, sausage biscuits, bacon, doughnuts, hot dogs, fried meats, Ramen noodles, 
cookies, candy, and ice cream.  The foods that could neither be distinctly classified a  
healthful nor as unhealthful were classified as moderately healthful.  Examples of 
moderately healthful foods included peanut butter and jelly sandwiches, macaroni and 
cheese, cereal bars, eggs, grits, baked and grilled red meats, supplement shakes, and 
popsicles.  Water and milk were considered healthful drinks while regular sodas, weet 
tea, and fruit drinks such as Kool-Aid and Hi-C were classified as unhealthful.  Diet 




























































The MPTs of participants belonging to the same risk-gender groups displayed 
some similar patterns, allowing characterization of a typical MPT for each group.  A 
typical week-day schedule for a low-risk male would be as follows: 
 6:00 a.m. – Wake up 
 6:30 a.m. – Usually skips breakfast.  Sometimes picks up a sausage biscuit from McDonald’s on 
    the way to school.  Usually has a drink which may be either water or orange juice. 
 7:30 a.m. – High school starts 
 9:30 a.m. – Sometimes eats a cereal bar as a snack.  Sometimes has a coke. 
 11:30 a.m. – Usually eats school lunch (pizza & fries).  Sometimes brings a peanut butter & jelly  
        sandwich from home.  Always has sweet tea to drink.  
 2:30 p.m. – High school ends 
 3:30 p.m. – Always has a snack after school, which is usually Ramen Noodles.  Sometimes the  
      snack is a banana.  He always drinks chocolate milk regardless of the snack. 
 4:30 p.m. – Goes to work at Wendys. 
 8:30 p.m. – Usually eats a grilled chicken salad for dinner during his break.  Sometimes has a  
       cheeseburger.  He always drinks water with dinner. 
 9:30 p.m. – Comes home from work. 
 11:30 p.m. – Goes to bed 
  






A typical week-day schedule for a high
 6:00 a.m. – Wake up 
 6:30 a.m. – Usually skips breakfast.  Sometimes 
 7:30 a.m. – High school starts
 12:00 p.m. – Always eats school lunch (cheeseburger & fries).  Sometimes eats a grilled cheese 
         sandwich.  Usually drinks coke.  Sometimes drinks 2% milk.
 2:30 p.m. – High school ends.  Usually eat
       apple).  Always drinks a P
 3:00 p.m. – Sports practice starts
 5:00 p.m. – Sports practice ends.  He goes home.
 8:30 p.m. – Eats what his mom makes for dinner.  Usually fried chicken and a frozen side such as 
       French fries.  Sometimes she makes spaghetti.  Always drinks Kool
 10:00 p.m. – Usually drinks more Kool
 11:00 p.m. – Goes to bed
  
The corresponding typical MPT 
 
A typical week-day schedule for a low
 6:30 a.m. – Wake up 
 7:00 a.m. – Usually skips breakfast.  Sometimes 
 7:30 a.m. – High school starts
 11:30 p.m. – Usually eats a turkey or ham and cheese sandwich from home with an apple or baked 
        potato chips.  Sometimes buys school lunch when they serve St
       Usually drinks chocolate milk.  Sometimes just has w ter.
 2:30 p.m. – High school ends.  Usually eats a snack 
       Drinks either a coke or orange juice with her snack.
 3:00 p.m. – Starts working at  McDonald’s.  
 8:00 p.m. – Gets off of work and goes home.  Usually eats a home
       Sometimes will bring home a 
 10:00 p.m. – Sometimes snacks on
Figure 1.  Typical MPT of Low-Risk Male 
-risk male would be as follows: 
grabs a banana on the way out the 
 
 




-Aid before going to bed.  Sometimes snacks on ice cre
 
of a high-risk male is shown below in Figure 2.
Figure 2.  Typical MPT of High-Risk Male 
 
-risk female would be as follows: 
eats a yogurt. 
 
eak & Cheese subs.  
  
before work (either a candy bar or popcorn
 
 
-made dinner with vegetables.  
big mac with her from work.  Always drinks sweet tea.
 cookies with milk. 
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 10:30 p.m. – Goes to bed.
  
The corresponding typical MPT 
 
A typical week-day schedule for a high
 7:00 a.m. – Wake up 
 7:30 a.m. – Always eats breakfast at the school cafeteria.  Usually has waffles or pancakes.  
      Sometimes will grab a bowl of cereal.  Usually drinks Sunny D.  Sometimes drinks 
      cranberry juice.
 8:00 a.m. – First class of the 
 11:00 a.m. – Second class of the day ends
 12:00 p.m. – Eats lunch with friends at the school cafeteria.  Usually has a chicken biscuit from 
        Chik-Fil
 1:00 p.m. – Third class of the day starts.
 2:00 p.m. – Third class of the day ends.
 2:30 p.m. – Goes to work at the mall.
 4:00 p.m. – Always eats
      has an apple and diet Pepsi
7:30 p.m. – Works ends.  Usually eats dinner either in her dorm room (a frozen entrée or macaroni 
      and cheese).  Sometimes she eats baked chicken with pasta from the school cafeteria.  
      Depending on her mood she drinks milk, water, diet coke, orange juic
 11:30 p.m. – Goes to bed.
  
The corresponding typical MPT 
 
Figure 4.  Typical MPT of High
In conclusion, the MPT provided a convenient way
usual meal patterns.  It also easily captured those elements of a typical week
 
of a low-risk female is shown below in Figure 3.
Figure 3.  Typical MPT of Low-Risk Female 
 








 a snack.  Usually has a big chocolate chip cookie with water.  Sometimes 
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of a high-risk female is shown below in Figure 4.
-Risk Female 
 















-day likely to 
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influence eating behaviors.  The process of constructing MPTs for all particints 
enabled the identification and quality classification of foods and beverages typically 
consumed by African American adolescents.  Furthermore, examining the timelines by 
risk-gender groups enabled the characterization of archetypal MPTs for each group. The 
MPTs for all participants by gender-risk category can be found in Appendix A.    
Aim 2:  Qualitative Analysis 
The comparison of MPTs across groups provided a view of distinct meal patterns 
differentiating participants based upon gender and HTN risk.  Differences in meals, 
snacks, and beverages were more apparent between HTN risk groups than between males 
and females.  However, males ate fewer healthful lunches and skipped breakfast more 
often than females.  Participants ate healthful meals about one-third of the time.  
Although high-risk participants ate unhealthful meals more often than low-risk 
participants, low-risk participants consumed moderately healthful meals or skipped meals 
more frequently.    Finally, high-risk participants consumed unhealthful beverages and 
snacks more frequently than low-risk participants.  These findings as well as additional 
sub-group analyses are further discussed below, by meal type. 
Breakfast 
 Participants of all risk-gender groups skipped breakfast roughly half the time, 
except for high-risk females.  This group only skipped breakfast a quarter of the time and 
consumed unhealthful breakfasts, such as sausage biscuits, doughnuts, and toaster 
pastries, more frequently than all other groups.  Forty-six percent of HRF breakfasts were 
unhealthful compared to 8% of LRF, 18% of HRM, and 31% of LRM. Accordingly, a 
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greater percentage of low-risk participants’ breakfasts were skipped compared to high-
risk participants’ breakfasts, which were more often unhealthy.  Males skipped breakfast 
more frequently than females.  Interestingly, more HRM breakfasts were healthful, 
incorporating fruit, cereal, or yogurt, than LRM breakfasts (27% vs. 13%).  These data 
are captured in Figure 5. 
Lunch 
 Although females ate healthful lunches more often than males, more than 50% of 
all participants’ lunches were unhealthful.  Most lunches were eaten at high school 
cafeterias and consisted of pizza, hamburgers, or corn dogs with French fries.  Both low- 
and high-risk participants ate healthful lunches such as salads or deli sandwiches less 
than 15% of the time.  However, low-risk participants were more likely than high-risk 
participants to eat moderately healthful lunches like peanut butter and jelly or grilled 
cheese sandwiches.  Low-risk females ate unhealthy lunches the least oft n of all risk-
gender groups; 52% of LRF lunches were unhealthful compared to 69% of HRF, 64% of 
LRM, and 69% of HRM.  Finally, skipping lunch was very uncommon.  These data are 
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A greater proportion of low-risk participants’ dinners were healthful (59%) 
compared to high-risk participants’ dinners (46%).  Healthful dinners were most often 
home-cooked, eaten in the home with family, and included vegetables.  Examples include
baked or grilled chicken or fish with corn, green beans, and salad.  Pasta was another 
commonly eaten healthful meal.  On the other hand, most unhealthful meals were either 
eaten away from the home at fast food restaurants or consisted of convenience foods such 
as Buffalo wings, Ramen noodles, or frozen French fries.  Whereas males reported eating 
either healthful or unhealthful dinners, 17% of all females reported eating at least one 
moderately healthful dinner per week (i.e. grilled or baked red meat, grilled cheese, or 
macaroni and cheese).  Low-risk males ate healthy dinner more often than all other risk-
gender groups; 64% of LRM dinners were healthful compared to 49% of HRM, 54% of 
LRF, and 44% of HRF.  Participants skipped dinner very infrequently.  These data are 
captured in Figure 7. 
Snacks 
 Most participants ate at least one snack per day.  More low-risk participants 
(31%) than high-risk participants (21%) snacked at least twice per day.  Although most 
snacks eaten were unhealthful, compared to high-risk participants more low-risk 
participants’ snacks were healthful (15% vs. 36%) and a fewer were unhealthful (77% vs. 
64%).  Common healthful snacks included fruit, cereal and popcorn, while popular 
unhealthful snacks were cookies, candy, candy bars, and chips.  Low-risk females ate 
more healthful snacks than all other risk-gender groups; 40% of LRF snacks were 
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healthful, compared to 19% of HRF, 29% of LRM, and 24% of HRM.   These data are 
captured in Figure 8. 
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 Both high- and low-risk participants drank on average about three beverages per 
day.  Compared to high-risk participants’ beverages, fewer low-risk participants’ 
beverages were unhealthful (64% vs. 41%) and more were moderately healthful (13% vs. 
33%).  The most commonly consumed unhealthful beverages were soda, fruit drinks (i.e. 
Kool-Aid, Sunny-D, Mystic), and sweet tea.  Moderately healthful beverages consumed 
included 100% fruit juice, flavored milk, and diet soda.  Healthy beverages (i.e. milk or 
water) were only drunk a quarter of the time by all participants.  Low-risk males drank 
soda, fruit drinks, and sweet tea the least often of all risk-gender groups and alo drank 
milk and water the most often.  These data are captured in Figure 9.  
 






























 Overall, low-risk participants appeared to have healthier meal patterns than high-
risk participants.  Compared to high-risk participants, low-risk participants co umed 
fewer unhealthful dinners, snacks, and beverages.  Low-risk males stood out by 
consuming more healthful dinners and fewer unhealthful beverages than all other risk-
gender groups.  Low-risk females ate unhealthy lunches the least frequently of all risk-
gender groups and were the most likely to consume healthful snacks.  On the other hand, 
high-risk males drank the most soda, fruit drinks, and sweet tea and high-risk females 
were most likely to eat an unhealthful breakfast.   The MPT was a useful qualitative 
analysis tool that facilitated the identification and description of distinctive meal patterns 
of participants of differing genders and HTN risk categories. 
Aim 3:  Quantitative Analysis 
 In order to determine which meal patterns were related to positive clinical 
outcomes, the associations between meal pattern variables identified from pa ticipants’ 
MPTs and intake of DASH diet components derived from the DHQ were examined.  
Select meal pattern variables were grouped into factors for which each parti ipant 
received an individual factor score.  The factor scores were used as dependent variables 
in step-wise analyses with SBP, DBP, and BMI, measured at the time of the interview, as 
independent variables.   
Selection of Meal Pattern Variables 
 Fifty-four meal pattern variables were identified from participants’ MPTs, e.g. 
“always skips breakfast” or “never eats a healthy dinner.”  Thirty-six meal pattern 
variables failed to meet three criteria for inclusion and did not go on to further analysis.  
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Nine meal pattern variables did not have statistically significant relationsh ps with any of 
the DASH nutrients.  Twenty-three meal pattern variables were displayed by l ss than 
25% of participants and three meal pattern variables were displayed by greater than 75% 
of participants.  Finally, four meal pattern variables did not explain at least 10% of the 
variance (R2 >= 0.10) of statistically related DASH nutrients.  However, as explained in 
the methods, three of these four variables were retained as they were statistically 
significantly associated with one of three DASH diet components that were associated 
with a far greater number of meal pattern variables than all other nutrients.  The 36 meal 
pattern variables that did not meet the inclusion criteria for the multivariate n lyses are 
listed in Table 8.  The 20 meal patterns that were used in multivariate analyses nd their 















Table 8.  Meal Pattern Variables Excluded from Multivariate Analyses 
 
Failed to Characterize 25% - 75% of Participants 
 
Always eats unhealthy dinner Always drinks unhealthy beverages 
Never eats healthy dinner Drinks one or fewer healty beverages/day 
Eats 3-5 healthy lunches/week Drinks two or more healt y beverages/day 
Always eats healthy lunch Drinks three or more healt y beverages/day 
Never eats healthy lunch Always drinks healthy beverag s 
Eats more healthy lunches than unhealthy lunches Snacks ever 
Eats 3-5 unhealthy breakfasts/week Snacks three or more times/day 
Always eats unhealthy breakfast Always eats healthy snacks 
Always eats healthy breakfast Eats more healthy than unhealthy snacks 
Eats more healthy than unhealthy breakfasts Eats two or more healthy snacks/day 
Drinks five or more beverages per day Eats two or mre unhealthy snacks/day 
Never drinks unhealthy beverages  
Not Statistically Significantly Related to Any DASH Diet Component 
 
Eats at least as many healthy breakfasts as unhealthy Drinks as many healthy beverages as unhealthy 
Never eats unhealthy breakfast Never eats unhealthy snacks 
Drinks more healthy than unhealthy beverages Always eat  unhealthy snacks 
Drinks < 3 beverages/day Eats at least as many healthy snacks as 
unhealthy Never drinks healthy beverages 
Accounted for < 10% of the Variation in Statistically Related DASH Diet Components 
 
Drinks 4 or more beverages/day Always skips breakfast╪ 
Never skips breakfast╪ Drinks 2 or more unhealthy beverages/day╪ 
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Exploratory Factor Analysis 
 Principal component analysis with Varimax rotation was used to generate factors 
from the correlation matrix of the selected 20 meal pattern variables.  Four criteria were 
used to arrive at the final number of factors and to achieve a simple structure solution.  
First, all factors had eigenvalues ≥ 1.0 (range was 1.21 to 5.35).  Second, each meal 
pattern variable possessed a single high loading (≥0.50) on only one factor (range was 
0.65 to 0.95).  Third, communalities were ≥ 0.50 for all meal pattern variables (range was 
0.62 to 0.92).  Finally, the solution explained a substantial portion of the variance 
(81.23%), which was distributed across all factors (7.8%-21.9%).   
The six factors identified were Healthy Dinner, Healthy Lunch, Unhealthy 
Snacks, Skipped Breakfast, Unhealthy Beverages, and Healthy Snacks.  Healthy Dinner 
and Healthy Lunch represented frequent consumption of healthful dinner and lunch 
foods, respectively, and infrequent consumption of unhealthful dinner and lunch foods, 
respectively.  Skipped Breakfast represented frequent skipping of breakfast.  Unhealthy 
Snacks characterized consumption of at least one unhealthy snack per day, such as 
cookies, chips, or candy.  Conversely, Healthy Snacks indicated more frequent 
consumption of snacks and inclusion of healthful items such as fruit, cereal, or popcorn.  
Unhealthy Beverages represented frequent consumption of sodas, fruit drinks, sweet tea, 





Table 10.  Factor Rotation From Meal Pattern Variables Derived From Participants’ MPTs (n=58):  
Factor Loadings and Percent of Variance Explained 
 
 Factors Communalities 
1 2 3 4 5 6 
Factor 1:  Healthy Dinner 
  Always eats healthy dinner -0.89 -0.16 -0.20 0.14 0.08 0.11 0.89 
  Never eats unhealthy dinner 0.89 0.06 0.08 -0.22 -0.07 0.00 0.86 
  Eats more healthy dinners than  
  unhealthy diners 
0.7 0.09 0.00 0.11 0.00 0.43 0.69 
  Eats 3-5 healthy dinners/week 0.72 -0.01 -0.09 0.14 0.07 0.44 0.75 
  Eats 3-5 unhealthy  
  dinners/week 
0.89 0.05 -.08 -0.22 -0.07 0.00 0.86 
  Eats at least as many healthy  
  dinners as unhealthy dinners 
0.89 0.16 0.02 -0.14 -0.08 -0.11 0.89 
Factor 2:  Healthy Lunch 
  Always eats unhealthy lunch -0.10 -0.94 0.01 0.06 0.10 -0.02 0.91 
  Eats 3-5 unhealthy  
  lunches/week 
-0.03 -0.78 -0.01 0.01 -0.04 0.00 0.62 
  Eats as least as many healthy 
  lunches as unhealthy lunches 
0.11 0.90 -0.08 -0.01 0.11 0.00 0.82 
  Never eats unhealthy lunch 0.11 0.94 0.03 -0.06 -0.09 -0.06 0.92 
Factor 3:  Unhealthy Snacks 
  Eats at least one snack per day 0.12 -0.09 0.85 0.08 -0.06 0.23 0.82 
  Eats at least one unhealthy  
  snack per day 
0.18 0.04 0.93 0.11 0.04 0.02 0.91 
  Never eats unhealthy snacks -0.05 0.03 -0.95 -0.12 0.04 -0.07 0.92 
Factor 4:  Skipped Breakfast 
  Always skips breakfast -0.12 0.06 0.12 0.84 0.16 0.01 0.77 
  Never skips breakfast 0.11 0.01 -0.01 -0.91 -0.01 -0.08 0.85 
  Never eats a healthful breakfast -0.18 -0.23 0.21 0.78 -0.14 -0.15 0.78 
Factor 5:  Unhealthy Beverages 
  Drinks at least two unhealthy  
  beverages per day 
-0.16 0.00 -0.11 0.06 0.89 -0.08 0.84 
  Drinks three or more unhealthy 
  beverages per day 
-0.01 -0.10 0.06 0.11 0.87 -0.13 0.80 
Factor 6:  Healthy Snacks 
  Eats at least two snacks per day 0.12 0.06 0.44 0.00 0.00 0.65 0.64 
  Eats at least one healthy snack 
  per day 
-0.02 -0.09 0.10 -0.06 -0.24 0.79 0.70 
Percent Variance Explained 21.90 16.75 14.38 11.87 8.53 7.8 81.23 
Loadings ≥ 0.50 are in bold.  Loadings are interpreted as the correlation between each variable and the 
factor.  Higher absolute value of loadings indicate that the variable shares more variance with that factor.  





Relationships of Meal Pattern Factors with Clinical Parameters 
Standardized factor scores were generated for each participant from the final 
factor solution and used as dependent variables in three separate step-wise analyses with 
the clinical parameters SBP, DBP, and BMI, measured at the time of the interview, as 
independent variables.  Factors that had significant relationships with the clinical 
parameters in the full models were retained in the final reduced models. 
A step-wise model containing all six factors indicated significant relaionships 
between four of the factors (Healthy Lunch, Unhealthy Snacks, Skipped Breakfast, and 
Unhealthy Beverages) and SBP.  These four factors were retained in a final reduced 
model that statistically significantly predicted SBP (p=0.03, R2=0.18) (Table 11).   
Higher factor scores for Healthy Lunch and Skipped Breakfast were related to lower SBP.  
Lower factor scores for Unhealthy Snacks and Unhealthy Beverages were related to 
lower SBP.  Unhealthy Snacks (p=0.04, pR2=0.07) and Healthy Lunches (p=0.06, pR2= 
0.06) had the strongest relationship with SBP and accounted for the largest portion of the 
total variance.  Unhealthy Beverages (p=0.08, pR2=0.05) and Skipped Breakfast (p=0.17, 
pR2=0.03) had the weakest relationships with SBP and accounted for the least amount of 
total variance.  In general, as the consumption of unhealthful snacks and beverages 
decreased, and the frequency of skipping breakfast and eating healthful lunches 
increased, SBP decreased. 
Step-wise models containing all factors identified two factors related to DBP 
(Unhealthy Snacks and Unhealthy Beverages) and two factors related to BMI (Healthy 
Dinner and Skipped Breakfast).  These factors were then used in two distinct final 
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reduced models, one which predicted DBP with marginal significance (p=0.07, R2=0.09) 
and one which statistically significantly predicted BMI (p=0.05, R2=0.10) (Table 11).  
Lower factor scores for Unhealthy Beverages (p=0.05, pR2=0.07) and Unhealthy Snacks 
(p=0.13, pR2=0.04) were related to lower DBP.  Higher factor scores for Skipped 
Breakfast (p=0.02, pR2=0.09) and Healthy Dinner (p=0.04, pR2=0.07) were related to 
lower BMI.  Generally, as the consumption of unhealthful beverages and snack foods 
decreased, DBP decreased and as the frequency of eating healthful dinners and skippig 
breakfast increased, BMI decreased. 
 



















































*p-value < 0.05 









This research adds to the very sparse literature on diet and HTN among 
adolescents and is unique in that a novel approach to assessing diet for the purposes of 
dietary counseling and change was developed.  This approach, the Meal Pattern Timeline 
(MPT), is a new tool that captures a visual representation of an individual’s usual meal 
patterns within the context of a typical week-day.  In this study, MPTs were easily
constructed from participants’ descriptions of usual week-day eating habitsfrom 
transcribed in-depth interviews.  The MPTs were used to identify common foods eaten by 
African American adolescents, to compare gross meal patterns between participants of 
differing genders and HTN risk, and to identify meal pattern variables which were related 
to intake of components of the DASH diet.  These meal pattern variables were ultimately 
grouped into six factors, which predicted SBP, DBP, and BMI in step-wise analyses.  Th  
results of this research suggest that the MPT is a practical and versatile tool for both 
qualitative and quantitative research in nutrition and disease prevention.   
Nutrition screening or assessment is a prerequisite for establishing the most 
appropriate type of nutrition intervention for adolescents.121  The four most commonly 
used dietary assessment methods (24-hour recall, FFQ, food record, DHQ) all have 
considerable known weaknesses (Table 12).5,121  The novel dietary assessment tool 
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developed in this research, the MPT, combines the methodology of the 24-hr recall and 
the FFQ, blending their strengths and minimizing their limitations. Like a 24-hour recall, 
the MPT does not require respondent literacy and follows a step-by-step progression 
through the day, which facilitates recall of food by framing the context of eating or 
drinking events.  However, the MPT does not rely on respondent memory or risk 
capturing an atypical day.  At the same time, the MPT is representative of usual intake as 
is a FFQ, but does not restrict a person to a preselected list of foods and is not particularly 
time-consuming.  Furthermore, the MPT does not demand a large respondent burden as 
do food records, nor does it require expensive and labor intensive data entry as does the 
DHQ.  Finally, although the MPT is not intended for nutrient analysis, it captures usual 
meal patterns, whereas the other dietary assessment methods do not. 
 
Table 12.  Limitations of Dietary Assessment Methods5,121 
 
24-Hour Recall • Reliant on respondent memory 
• Not representative of usual intake 
• Relies on self-report 
• Data entry is labor intensive 
• Susceptible to under- and over-reporting  
• Language may be a barrier 
FFQ • Time-consuming 
• May not capture usual foods eaten 
• Does not assess meal patterning 
• Reliant on respondent description of diet 
• Does not estimate absolute intake of individuals 
Food Record • High respondent burden 
• Relies on self-report 
• Time-consuming 
• Act of recording may alter diet 
• Requires respondent literacy 
• Analysis is labor intensive and expensive 
DHQ • Reliant on respondent memory 
• Time consuming 
• Requires highly skilled interviewers 
• Data entry is labor intensive and expensive 
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A timeline approach has been considered in other areas of research, but has not 
yet been tried with dietary intake.  For example, in the medical field, Bui et al. developed 
a multimedia timeline capturing patient medical records to facilitate physician services 
and decision making.122-124  Panton et al. developed a graphic timeline tool depicting 
treatment courses for parents of children with retinoblastoma in order to communicate 
more effectively the treatment options and their risks.125  In substance abuse research, the 
Timeline Followback method is used to retrospectively assess recent drinking 
behavior.126  In this study, the timeline approach lent itself well to capturing the usual 
eating patterns of adolescent African Americans and was useful for making comparisons 
by gender and HTN risk groups. 
The MPTs of the four risk-gender groups examined were distinctive and allowed 
for the characterization of typical MPTs for each group.  Most participants skipped 
breakfast half of the time, except for high-risk females who only skipped breakfast  
quarter of the time.  Research indicates that breakfast is skipped more often than a y 
other meal87,88 and that adolescents who eat breakfast have superior nutrient intakes 
compared to peers who skip breakfast.85-90  Eating breakfast has also been related to 
improved cognitive functioning, academic performance, and attendance at school.87-90  
Given these findings and that African American adolescents are more likely to skip 
breakfast than white counterparts,86-89 eating breakfast is a meal pattern that must be 
strongly promoted to African American youth to improve diet quality.  However, in this 
study, although high-risk females ate breakfast more often than all other risk-gender 
groups, they tended to consume unhealthful breakfasts such as sausage biscuits, 
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doughnuts, and toaster pastries.  Nicklas et al. reported that African American youth 
consumed greater amounts of fat, saturated fat, sodium, and cholesterol in their breakfasts 
as compared to whites.85  Thus, not only should breakfast be encouraged among black 
adolescents, it is imperative that selection of nutrient-dense foods be emphasized. 
The majority of the time, participants in this study ate unhealthful lunches, oft n 
from school cafeterias, consisting of pizza, hamburgers, or corn dogs with French fri s.  
Healthful lunches were rare, although low-risk participants were more likely than high-
risk to choose moderately healthful options such as peanut butter and jelly or grilled 
cheese sandwiches.  Nutrition quality of school foods has become an increasing concern, 
especially due to “a la carte” items and “competitive foods.”127-129  Increased availability 
of these items has been associated with increased frequency of purchase and consumption 
among adolescents.128,129  This translates into higher intakes of total energy, soft drinks, 
fat, and saturated fat and lower intakes of fruits, vegetables, milk, and essential vitamins 
and minerals.128,129  Environmental school policy changes are needed to increase the 
availability of nutrient-dense foods and decrease availability of energy- and sodium-
dense “a la carte items” and “competitive foods.”  These policies should also address 
open campus lunch hours and limit the times during the day when vending machines are 
turned on, which have been associated with increased consumption of fast food, and soft 
drink purchases, respectively.130   
A pilot intervention study by Cullen et al. in 2004 indicated that healthful changes 
(lower-fat entrees, increased availability of fresh fruits and vegetables nd bottle water, 
and reduced portion sizes of snack chips and sweetened beverages) made in the cafeterias 
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of six middle schools in three states over a six-week period were acceptable to students 
and staff.131  Other school nutrition interventions have shown the same feasibility and 
have not resulted in decreased revenues.128   
Finally, Neumark-Sztainer et al. reported that high school students in a large 
cross-sectional study brought lunch from home an average of once per week.130  Thus, 
encouraging students to bring healthful lunches from home more frequently is another 
strategy for improving the quality of the lunch time meal, which may be easier to 
implement and have more immediate outcomes than waiting for policy changes to be 
established and take effect.  Students also need instruction on choosing the most healthful
options when dining in school cafeterias and fast food restaurants.  
Compared to high-risk participants, low-risk participants more often ate home-
cooked dinners with family and included vegetables.  Low-risk males consumed healthful 
dinners the most frequently and high-risk males most often consumed dinners that were 
eaten away from the home at fast food restaurants or consisted of fried meats, frozen 
foods, or snack foods.  At-risk youth should be encouraged to eat more dinners with 
family as research clearly indicates a positive impact of family meals on the quality of the 
adolescent diet.  Intake of fruits, vegetables, whole grains, dairy foods, fiber, and 
essential vitamins and minerals increases as frequency of family meals increases.44-47,49  
At the same time, intake of soft drinks, fried foods, saturated fat, trans fat, and high 
glycemic foods decreases.45-47,49  Furthermore, as family meal frequency increases, 
adolescents are less likely to consume frozen dinners, canned foods, and microwave 
meals, which were hallmarks of the unhealthy dinners eaten by high-risk participants in 
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this study.44, 45,47,49  Family dinners may provide adolescents with increased exposure to 
healthful foods, parental modeling of healthful eating behaviors, and educational 
conversation on nutrition.56,57   
Although increasing the frequency of family dinners among adolescent African 
Americans would likely contribute to improved dinner quality, many families have busy 
and/or conflicting schedules that preclude eating more frequently as a unit.49,56,57  
Furthermore, throughout the transition from adolescence to young adulthood, youth 
become more and more responsible for acquiring and preparing their own meals.49  As 
such, other approaches to getting adolescents to consume healthful dinners are eded, 
such as encouraging teens to eat out less, promoting restaurants where healthful entrees 
can be purchased, educating teens on how to choose the healthiest options on a menu 
when eating out or on the go, teaching youth how to make quick, tasty, low-cost, 
healthful dinners, and helping them identify the healthiest types of quick, frozen, or 
convenience items to have on hand for when they are pressed for time or do not want to 
cook.  These strategies may result in benefits similar to eating dinner with the family and 
might be more practical for many adolescents.  
Most participants ate one snack per day, with low-risk participants being more 
likely than high-risk participants to snack multiple times per day.  Across all ri k-gender 
groups, most snack choices were cookies, candy, and chips, although low-risk 
participants (especially females) were more likely than high-risk participants to choose 
fruit, cereal, or popcorn.  These findings are consistent with the literature which indicates 
that the most popular snack food choices for adolescents are potato chips pretzels, 
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popcorn, candy, cookies, ice cream, and cakes.95-98  Addressing the quality of adolescents’ 
snacks is important given that teens may derive up to 25% of their total daily energ  
intake from snacks.95,96,100,102,104-106  Additionally, the consumption of salty snack foods 
appears to be increasing among youth95,97,99 which is concerning given the known 
association between sodium intake and blood pressure.32,91  In order to improve 
adolescents’ snack choices, research suggests that healthy alternatives must taste good, be 
filling, of good value, and fresh.  These characteristics have been cited as the most the 
influential factors on snack choices of youth.96,98  
Participants drank on average three beverages per day.  Low-risk participants 
chose flavored milk, 100% fruit juice, and diet sodas rather than regular sodas, fruit 
drinks, and sweet tea, which high-risk participants chose more often.  All participan s 
chose water and low-fat milk only about a quarter of the time.  As beverages may provide 
up to 20% of total daily energy in the adolescent diet, beverage choice can have a 
significant impact on an adolescent’s dietary quality and nutritional intake.78  The high 
frequency of sweetened beverage consumption is not only alarming due to the resulting 
intake of excess calories from sugar and displacement of milk in the diet,80,82 but also 
because sodas and sweet tea, containing 20-30 mg of caffeine per 8 oz,132 may increase 
daily caffeine intake.  Savoca et al. reported in 2004 that a higher intake of caffeine was 
related to higher SBP among black adolescents.133 
Two common misconceptions regarding beverages were evident among the study 
population.  First, many participants reported drinking fruit juice, but when probed 
further actually described fruit drinks.  For example, Sunny Delight was considered the 
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same beverage as Orange Juice.  Second, a number of male participants reported drinking 
sports drinks such as Gatorade and Powerade throughout the day to help improve sports 
performance.  These drinks are meant to replenish carbohydrate and electrolyte s ores 
after an hour or more of continuous activity.  Thus, both fruit drinks and sports drinks are 
contributing to excess empty caloric intake throughout the day, although consumers 
believe that they are making healthy beverage choices.  These prevalent misconceptions 
need to be communicated to adolescents so that when choosing to consume a healthful 
beverage, the decision is an educated one.
Meal patterns identified from participants’ MPTs that were related to intake of 
DASH diet components were used as variables in an exploratory principal 
components/factor analysis, which generated six factors:  Healthy Dinner, Healthy 
Lunch, Unhealthy Snacks, Skipped Breakfast, Unhealthy Beverages, and Healthy Snacks.  
The factors Healthy Lunch, Unhealthy Snacks, Skipped Breakfast, and Unhealthy 
Beverages tatistically significantly predicted SBP; Unhealthy Snacks and Unhealthy 
Beverages predicted DBP with marginal significance; and Healthy Dinner and Skipped 
Breakfast statistically significantly predicted BMI.  Higher factor scores for Healthy 
Lunch, Healthy Dinner, and Skipped Breakfast were related to more desirable clinical 
outcomes, whereas lower factor scores for Unhealthy Snacks and Unhealthy Beverages 
were related to more desirable clinical outcomes.  It is not surprising that wi  increased 
frequency of eating healthful lunches and dinners and with decreased frequency of eating 
unhealthful snacks and beverages, decreases in blood pressure and BMI were seen.  It is 
somewhat counterintuitive that a higher frequency of skipping breakfast was related to a 
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lower SBP and BMI.  However, this finding likely reflects the choice of unhealt ful 
breakfasts when this meal is indeed eaten.  By skipping breakfast adolescents may be 
avoiding the addition of extra calories, salt, and fat into the diet, when their choice of 
foods otherwise would be highly processed or fast foods. 
These results demonstrate that African American adolescents’ meal pattrns are 
related to SBP, DBP, and BMI, important clinical parameters that set the stage for the 
disproportionate burden of early onset HTN among this population.  This research 
suggests that by modifying meal patterns, clinical measures may be favorably altered as 
to positively impact future health and reduce HTN risk.  To date, very little research h s 
been conducted among adolescents that addresses dietary approaches to preventing HTN, 
even though as many as 8.1% of adolescents may be hypertensive,14 up to 15.7% may be 
pre-hypertensive,10 and studies show that elevated blood pressure in youth tracks into 
adulthood.27,28,134  Furthermore, as in adults, the prevalence of HTN and prehypertension 
is greater among African Americans as compared to whites.1,10,16,17  The DASH diet has 
been shown to be a very effective approach to reducing and controlling blood pressure 
among adults.19,20,32  However, only three studies to date have examined the relationship 
between diet and blood pressure in adolescents.21-23   
In 2005, Moore et al. reviewed eight years of longitudinal data on 95 children, 
ages 3-6 at enrollment.21  Participants who consumed at least four servings of fruits and 
vegetables per day and at least two servings of dairy per day displayed the smallest ye rly 
increases in SBP and had the lowest blood pressure by early adolescence.  Conversely, 
participants who consumed less than four servings per day of fruits and vegetables and 
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less than two servings per day of dairy displayed the largest yearly increases in SBP and 
had the highest blood pressure by early adolescence.  In 2004, Falkner et al. reported that 
among 14-16 year-olds at high-risk for HTN, higher blood pressure readings were 
obtained for those with low fruit and vegetable intake.22  Additionally, those with low 
fruit and vegetable intake also had higher intakes of energy and sodium, and lower daily 
intakes of potassium, calcium, and magnesium.  Finally, D’Adessa et al. reported greater
intake of energy, cholesterol, meat, ham, salami, and cheese among hypertensive 
adolescents as compared to normotensive counterparts.23 
These studies clearly indicate a relationship between diet and blood pressure 
among youth.  They also suggest that DASH diet components that have been pivotal for 
adult management of HTN (i.e. fruits, vegetables, dairy, calcium, magnesium, potassium, 
cholesterol, fat, and sodium) may also pertain to younger populations.  To date, no HTN 
interventions have been conducted in an adolescent population.  However, in order to 
reduce the prevalence of HTN among adults, prevention and intervention programs for 
at-risk youth are critically needed.  This research has distinguished meal patterns between 
African American adolescents of differing HTN risk profiles and identified meal patterns 
that are related to intake of DASH diet components, SBP, DBP, and BMI.  More research 
is needed to confirm these relationships and to develop interventions that incorporate 
strategies to modify key meal patterns among African American youth.  By effectively 
targeting specific meal patterns, intake of key DASH diet components can be changed, 
thus helping to reduce and control blood pressure, ultimately diminishing the 
disproportionate HTN burden among African Americans. 
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Strengths and Limitations 
The design of this study was a strength that allowed for comparison of meal 
patterns between African American adolescents at high-risk and those at lw risk of 
developing early onset HTN.  The use of in-depth interviews as the primary method of 
data collection allowed for a rich data set that was not restricted to pre-determined 
responses.  Finally, in the social sciences, a factor analysis solution that accounts for 60% 
of the total variance is satisfactory;135 the six-factor solution described in these results 
explained 81.23% of the total variance. 
This study also had some limitations.  The MPT is a novel approach to 
differentiating dietary behavior between groups and for facilitating dietary change that 
has not been previously validated.  It is unknown whether an individual’s MPT is stable 
over time or merely represents the recent dietary habits of an individual.  Furthermore, 
the MPTs were constructed based on participant self-report and it was thus assumed that 
participants gave truthful examples of usual dietary patterns and did not provide false 
information based on social desirability.  Additionally, relatively broad guidelines were 
used to classify the foods and beverages consumed by participants as healthful, 
moderately healthful, or unhealthful.  A stricter, more objective classification system 
based on how well foods and beverages comply with the DASH diet would make this 
part of the process more systematic.   
Other limitations include the small, self-selected sample and the lack of sub-gro p 
analysis for Aim 3.  As such, results may not be generalizable to other populations and 
statistically significant findings by sub-group may have gone undetected.  Finally, 
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although it is best to have at least five times as many observations as variables to be 
analyzed in a factor analysis,135 the exploratory analysis run in this study, provided only a 
3:1 ratio (20 variables and 58 observations).  
Future Implications 
The MPT is a practical approach to assessing dietary patterns and facilitating 
dietary behavior change among adolescents.  Future research will further refin  the 
procedure and test the validity and reliability of the instrument.  The effectiveness of 
dietary counseling through the use of the MPT on dietary behavior change will also need 
to be studied. 
More research is needed to see if the meal pattern variables derived from 
participants’ MPTs in this study result in the same factor solution when applied to other 
groups of African American adolescents and if the solution consistently predicts SBP, 
DBP, and BMI.  It is likely that with a more refined MPT tool, new meal patterns, more 
specific to the DASH diet (i.e. “drinks milk daily” or “eats fruit more than twice per 
day”) may yield a new solution that better predicts clinical outcome measures.   
It would also be interesting to test the functionality of the MPT with populations 
of other ages, ethnicities, and risk factors.  Although the meal patterns identified in this 
research may apply to other chronic diseases, new meal pattern variables may be 
uncovered that specifically relate to other conditions (i.e. diabetes mellitus, metabolic 
syndrome, CVD). 
The optimal format for the MPT would likely be computer based, making it 
suitable for large-scale, tailored interventions.  Such a multimedia format would allow 
68 
 
widespread access through both the internet and strategically placed kiosks, reaching 










The Master’s thesis has been one of the greatest challenges that I have faced to 
date.  Previous academic coursework, employment experiences, personal growth 
endeavors, and physical tests of intestinal fortitude pale in comparison to the level of 
complex thinking necessitated and degree of exertion demanded to complete the Mas er’s 
thesis.  If all I had been required to do was complete an Ironman triathlon, getti g my 
degree would have been easy.  Conversely, the arduous and at times painstakingly slow 
experience was one of both great intellectual and personal development.   
The type of work and thinking required to complete the Master’s thesis was 
different from that which I have done before.  First of all, when I started the thesis, like 
most undergraduate students, I was accustomed to being given an assignment and then 
completing it.  This type of linear work is accomplished by simply following directions; 
even a computer can do this.  On the other hand, the Master’s thesis required creating my 
own assignment and set of directions.  Unfortunately, the directions contained many 
wrong turns and stop signs, and there were no short cuts.  I had to continually reevaluate 
and evolve my ideas in order to navigate my path to the end.  The work was anything but 
linear and required a lot of critical thinking, careful decision making, and creativity.  
Furthermore, my undergraduate background is in mathematics and computer science, 
which are two very “black and white,” quantitative disciplines.  Learning how to 
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qualitatively analyze data was a new experience for me that was difficult because I kept 
wanting to reduce the data to numbers.   
Unlike most of my past academic pursuits, there were many times during this 
process when I felt completely overwhelmed and I questioned whether or not I could 
actually finish the work.  It was during such times that I sought advice from Dr. Savoca.  
Somehow I always came out of our meetings feeling reenergized and confident about the 
project, all of my doubts left behind in her office.  I learned two important lessons.  First,
that the skillful art of good mentorship is invaluable. Without Dr. Savoca’s guidance and 
astute insight I would never have been able to accomplish all that I have.  She knows the 
precise quantities of camaraderie, encouragement, coaxing, pushing, and stretching called 
for in the recipe of success.  Second, I learned that I have the inner strength o persevere 
when times get tough and not to question my abilities.   
Although the work was in many ways different and more challenging than my 
prior experiences in academia, it was also more rewarding.  I learned an incredible 
amount not only about hypertension and adolescent meal patterns, but also about the 
research process in general and technical writing abilities needed to communicate with 
other professionals in the field.  I have a better appreciation for a well-written peer-
reviewed paper because I now know how much time and effort goes into preparing a 
relevant literature review, clearly describing methodology and results, ynthesizing all 
knowledge into a meaningful conclusion, and then consolidating it all into an abstract.   
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